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============

Ankle sprain with lateral ankle ligament injury is the most common injury in sports.[@ref1] Usually, application of excessive inversion force when the foot is plantar flexed, affects the anterolateral capsule first, followed by the anterior talofibular ligament (ATFL), calcaneofibular ligament (CFL), and posterior talofibular ligament (PTFL), depending on the increasing stress.[@ref2] The primary antagonist to inversion and translation of ankle plantar in flexion is the ATFL, while the major contributor to subtalar joint stability is the CFL.[@ref3][@ref4] The ATFL and CFL act synergistically: The ATFL is stretched in the plantar flexed ankle and the CFL and PTFL are stretched in the dorsiflexed ankle. Lateral ankle stability chiefly depends on the ATFL and CFL.[@ref5]

Management of acute injuries includes rest, icing, compression, elevation, and protection, followed by rehabilitation with peroneal muscle strengthening and proprioceptive training. Although conservative management protocols are often the first choice of treatment and are effective, recurrent sprains may lead to ligament attenuation or complete tearing. These patients are likely to develop an instability pattern.[@ref6] Symptoms such as recurrent ankle sprains, difficulty in ambulation on uneven ground, and pain during an activity of instability, may significantly affect daily activities, work, or exercise. Furthermore, osteochondral lesions of the talar dome and subsequent ankle osteoarthritis have been reported as long term complications of chronic lateral instability.[@ref7][@ref8]

Operative reconstruction not only maintains the stability of the ankle, but may also prevent these complications.[@ref9] Since the reconstruction procedure of nonaugmented, direct repair of the torn ends of the ATFL and CFL by midsubstance suturing was first described by Broström in 1966,[@ref10] that and several subsequent modifications have all resulted in satisfactory outcomes. Multiple studies have reported that nearly 90% of patients exhibit good to excellent outcomes.[@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17] The common advantages of these procedures include its simplicity and reliability with few complications, as it is performed with the original ligament tissue and does not require the normal tendon to be sacrificed. Furthermore, this procedure restores the native ankle anatomy, joint kinematics, and stability, while preserving subtalar motion and ankle function. Therefore, the Broström technique or its modifications are believed to be the first choice of treatment when surgical intervention is necessary.[@ref18] Our modification of this popular technique makes use of plication of the ATFL-lateral capsule complex with transosseous fixation of an advanced CFL through a fibular bone tunnel. The ATFL-lateral capsule complex plication is technically simpler and easier to perform. Meanwhile there is less fracture risk for the distal fibula during the transosseous fixation of the CFL due to the creation of only a single bone tunnel. We believe that this hybrid technique can accomplish the goal of anatomic reconstruction, which is sufficiently stable and easily reproducible.

Materials and Methods {#sec1-2}
=====================

38 soldiers who underwent unilateral reconstruction of the lateral ligaments of the ankle by a single experienced orthopedic surgeon between 2004 and 2007 constitute this retrospective study. This study included 33 men and 5 women with a mean age of 25.6 years (range 18--36 years) at the time of surgery. Each patient was confirmed to have a history of chronic lateral ankle instability after an inversion injury, to have undergone a program of nonoperative management consisting of physiotherapy and home exercise, and experienced limitations in sports and daily life activities. All patients had recurrent symptoms, such as give-way weakness or a sensation of instability during daily activities and in sports that resulted in pain, swelling, and interference with their normal activities. In all patients, symptoms had been noted for at least 1 year, but for not more than 10 years. Physical examination with both the anterior drawer and inversion stress tests of the index ankles showed laxity in comparison with that of the contralateral ankle. All patients were skeletally mature and had not undergone a prior ankle surgery. Patients were included in this study if they had no prior surgery or advanced osteoarthritic change in the affected ankle, no previous fractures, an uninjured contralateral ankle, a properly aligned foot, and no neuromuscular disorder. Standing radiographs of the ankle, preoperative and followup stress radiographs in two planes were obtained for all patients using a Telos GA-II/E stress radiography device with standardized measurement of anterior talar translation and talar tilt with 150 N of applied force, as described in Karlsson *et al*.[@ref19]

Operative procedure {#sec2-1}
-------------------

The anesthetized patient was asked to lie in a supine position and a large sandbag was placed underneath the buttock on the side where the surgery was being performed, and a thigh tourniquet control was placed. Thereafter, a 3 cm slightly curved incision was made from the distal fibula tip toward the 5^th^ metatarsal base to expose the anterolateral ankle joint. Next, full-thickness skin flaps were made and a dissection was performed to expose the anterolateral capsule, distal fibula, and peroneal tendons. The lateral capsule ligament complex (anterolateral capsule and ATFL) was transected at its midpoint and redundant or scar tissue was excised. The joint was inspected for loose bodies or osteochondral lesions, and hypertrophic synovium or fibrous tissue was removed by arthroscopy before the repair procedures.

Thereafter, the peroneal tendons were retracted posteriorly to expose the CFL, which allowed for subsequent identification of the CFL insertion site \[[Figure 1](#F1){ref-type="fig"}\]. The CFL was often attenuated or even avulsed from its insertion in the fibula. The CFL was then cut from the insertion point and advanced with 2-0 Ethibond sutures using the Bunnell technique. A short bony tunnel along the original CFL axis was created from the distal to the proximal direction in the distal fibular by removing some cancellous bone from the fibular attachment of the CFL using a 2.0-mm drill bit. Then, the bony tunnel was dilated using a 3.0-mm drill bit followed by a 4.0-mm drill bit \[[Figure 2](#F2){ref-type="fig"}\]. Care was taken to not damage the cortex of the proximal end of the bony tunnel of the fibula by creating an approximately 2-cm cannulated structure through the fibular attachment of the CFL. Under tension with the ankle in slight dorsiflexion and the foot slightly everted, the CFL was advanced and inserted into the bony tunnel with transosseous suture fixation. Some of the cancellous bone that was removed before drilling was then grafted into the bony tunnel. After CFL reconstruction, the incised ATFL-lateral capsule complex was imbricated in a pants-over-vest fashion with 2-0 Ethibond sutures \[[Figure 3](#F3){ref-type="fig"}\]. The wound was then irrigated and hemostasis was obtained. The closure was performed in layers and the tourniquet was released. Thereafter, the ankle was immobilized using a posterior molded splint with the ankle and foot in a neutral position.

![Diagramatic representation of the lateral capsule-ligament complex was transected in its mid-portion and the redundant or scar tissue was excised. The calcaneofibular ligament insertion points were divided and the calcaneofibular ligament was cut from the insertion point](IJOrtho-52-315-g001){#F1}

![Peroperative photograph showing calcaneofibular ligament was advanced with the Bunnell suture technique. A short bony tunnel along the original calcaneofibular ligament axis was created from the fibular attachment of the calcaneofibular ligament using the 2.0-mm, 3.0-mm, and 4.0-mm drill bits](IJOrtho-52-315-g002){#F2}

![Diagramatic representation (a), peroperative photograph (b) showing that after the advanced calcaneofibular ligament was inserted into the bony tunnel with transosseous suture fixation, the incised anterior talofibular ligament-lateral capsule complex was imbricated in a pants-over-vest suture](IJOrtho-52-315-g003){#F3}

The ankle was immobilized with the posterior splint for 2 weeks and maintained in a nonweight bearing position. After removal of the wound dressing and sutures, a short leg-walking splint was applied, and active range of motion exercises were performed for the treated ankle for another 4 weeks. At 6 weeks postoperatively, the walking splint was removed and the ankle was protected by a soft orthosis. Physiotherapy, including proprioceptive training, progressive strengthening, and flexibility exercises were then initiated. Three months postoperatively, patients were allowed to practice straight line running and gentle jogging with a soft brace. Patients were allowed to participate in a full range of sports activities by 6 months postoperatively; however, the use of an ankle support during heavy exercise, such as while playing basketball or tennis, was advised for an additional 6 months.

Patients were assessed using the American Orthopaedic Foot and Ankle Society ankle-hindfoot scale (AOFAS score) as the functional score, the scoring system developed by Sefton *et al*. for the evaluation of subjective satisfaction \[[Table 1](#T1){ref-type="table"}\], and stress radiographs of the talar tilt and anterior talar displacement.[@ref19][@ref20][@ref21] Results of the Sefton assessment identify patients with "excellent" results as those who are capable of full activity, including strenuous sports and do not experience pain, swelling, or ankle instability. Patients with "good" results were those who had pain only after strenuous exercise; however, with no instability or feelings of apprehension. Patients with "fair" results were those who felt some residual instability and exhibited apprehension while walking, although it was comparatively reduced after surgery. Patients with "poor" results were those who experienced recurrent instability and give-way weakness during normal activities with episodes of pain and swelling. Such patients may require surgery again. Postoperative AOFAS score evaluation, Sefton assessment, and stress radiography were performed at an average followup period of 77.6 months (range 66--89 months).
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Statistical analysis {#sec2-2}
--------------------

Statistical analysis of the data was performed with using a paired *t*-test. A *P* ≤ 0.05 was assumed to indicate statistical significance.

Results {#sec1-3}
=======

Between 2004 and 2007, the procedure was performed on 42 ankles, of which 38 ankles completed followup. The mean surgical time measured from the placement to removal of the tourniquet was 45 min (range 38--56). The average followup period was 77.6 months (range 66--89 months).

The average preoperative AOFAS ankle-hindfoot scale score was 71.6 ± 4.0 points (range 63--79 points). The average 77.6-month followup period score was 95.6 ± 4.0 points (range 84--100 points), and the difference was statistically significant (*P* \< 0.001). Results of the Sefton assessment showed that 27 patients had excellent results, 9 had good results, and 2 had fair results. After surgery, all patients not only resumed daily activities, but also participated in their organized physical fitness training programs and could meet the standards of the physical fitness, such as the 3000 m run for men and the 1500 m run for women. No patient complained of lasting pain in the lateral aspect of the operated ankle.

Telos GA-II/E stress radiographs indicated that talar tilt reduced from an average of 13.9 ± 2.4° (range 10°--22°) before surgery to 3.8° ±1.8° (range 2°--9°) after surgery, and the anterior drawer displacement improved from an average of 9.6 ± 2.9 mm (range 6--15 mm) before surgery to 2.3 ± 1.6 mm (range 1--7 mm) after surgery. Both differences were statistically significant (*P* \< 0.001). No patient showed evidence of degenerative arthritis at the time of final followup.

Postoperative physical examination at followup showed that the range of motion for dorsiflexion and plantar flexion was unrestricted for relative measurements compared to the uninjured side. Injured ankles had a mean minimal loss of range of motion (\<5°) for dorsiflexion and plantar flexion compared with healthy ankles. One ankle was found to have tenosynovitis of the peroneal longus tendon intraoperatively, therefore, the pulley was thickened with a partial fissure for the peroneal longus, and the tendon was debrided and tabularized using a running, braided suture. This patient complained of retrocalcaneal pain and soreness while playing basketball at 18 months after surgery though the pain was reduced by 33 months after surgery. He was still pleased with the result and changed his sports to swimming and jogging. A grade 1°--2° anterior drawer test without excessive lateral inversion was noted in two patients postoperatively. However, both exhibited generalized ligamentous laxity, as evidenced by a positive thumb to forearm test and elbow hyperextension, and were inclined to have a lower postoperative AOFAS ankle-hindfoot scale scores (85 and 86 points). These two patients had fair results postoperatively according to the Sefton criteria. No complications of wound healing, infection, fibular fracture during surgery, or nerve injury occurred in any patient.

Discussion {#sec1-4}
==========

An ideal ankle ligament reconstruction restores the normal anatomy and function of the ligaments and corrects both talar tilt and anterior drawer instability without resulting in a loss of a talocrural and subtalar range of motion. The key to achieving these goals is the maintenance of the ligament insertion points and fiber structure.[@ref21] These goals are achieved in the procedure described in this report. Compared with anatomical reconstruction procedures, the tenodesis procedure results in abnormal subtalar and talocrural joint kinematics and increases the risk of ankle stiffness, which induces long term complications of chronic pain or further subtalar arthrosis and increases the difficulty of walking in rough terrain.[@ref22][@ref23] Imbrication of the anterolateral capsule-ATFL complex and preservation of the original CFL and normal peroneal function results in near-normal proprioception. This also helps achieve better functional stability.[@ref24] The CFL in chronic lateral ankle instability generally healed in continuity and was most often attenuated in midsubstance and lengthened.[@ref25] We advanced the originally scarred CFL and overcame the lengthening problem to create an anatomical reconstruction by use of the bone tunnel technique by letting the nonfunctional ligaments restore their tensile strength and regain their functions.

Surgical techniques for attaching tendon grafts or original ligaments to ankle bones that have been described previously include fixation of bone suture anchors and the use of interference screws.[@ref13][@ref26][@ref27][@ref28] Several key factors affect the mechanical stability of a suture-anchor threaded with a defined suture, such as the pullout strength of the anchor, the tensile strength of the suture, and the interaction of the anchor and suture at the suture-anchor interface.[@ref29] The biomechanical tests of Giza *et al*. and Li *et al*. have reported that there is no statistical difference in strength and stiffness for a suture-anchor compared with that of a bone tunnel construct for an anatomic repair of the lateral ligaments of the ankle. We know that transosseous tunnel fixation has the advantages of a larger contact area of the tendon with bone that can advance tendon healing in the bone tunnel and is less expensive than other implantation procedures.[@ref30][@ref31][@ref32] We performed surgery on two ankles in which the CFL was avulsed from the calcaneus insertion during the period of data collection. The procedure was performed similarly; however, the fixation was performed with the interference screw at the calcaneus. Due to the fewer number of cases that exhibited this condition and the different fixation methods of CFL, these two patients were excluded from the current study. For tendon grafts that use interference screws, graft fibers may be directly damaged by the sharp edges of the screws and the acute angle at the tunnel entrance. In addition, interference screws may block the growth of the tendon graft-bone tunnel interface.[@ref33] Our current procedure uses a transosseous tunnel technique that enhances tissue healing and is simple to perform. Lower costs and a lack of residual hardware are additional advantages.

In studies of modified Broström repair techniques by Karlsson *et al*. and Girard *et al*.,[@ref19][@ref34] poor outcomes were more commonly associated with patients who were overweight, had a long standing ligamentous insufficiency (10 years), exhibited generalized hypermobility, and underwent revision surgery. Since the concept of the procedure discussed herein is similar to that of the direct repair of ligaments that is used in the modified Broström procedure by the aforementioned authors, we did not perform our procedure on patients who had a prior failed lateral ankle ligament surgery, a history of chronic lateral ankle instability that was \>10 years, or body weight \>100 kg. Although we only found two patients in the current study that had a relatively lower postoperative AOFAS ankle-hindfoot scale scores, both exhibited generalized ligamentous laxity. However, they were still pleased with the results and returned to their preinjury levels of activity. As for patients with generalized hypermobility, our procedure not only directly repaired or advanced the ATFL and CFL, but also imbricated the anterolateral capsule and shortened the CFL to an adequate length. Thus, this procedure can be an alternative surgery for chronic lateral ankle insufficiency.

In our study, the diagnosis of chronic lateral ankle instability was primarily made by complete history taking, detailed physical examination, and plain radiography. Although some problems are encountered with stress radiographs such as different techniques of stress application, inadequate muscle relaxation, and the coexistence of subtalar instability and generalized hypermobility. Previous studies reported that stress radiographs of the ankle and the calcaneocuboid joint can be read reliably if the proposed measurement techniques are applied.[@ref35][@ref36] Moreover, stress radiography was able to quantify the talar tilt and anterior drawer displacement for the index ankles. Thus, it supplied simple, useful, and more objective measurements of mechanical laxity.

One patient with peroneal tenosynovitis at the time of surgery had a relatively lower postoperative AOFAS ankle-hindfoot scale score (84 points). For ankles with chronic lateral instability, DIGiovanni *et al*. reported that peroneal tenosynovitis was the most common associated injury (77%, 47 of 61 patients),[@ref37] while Strauss *et al*. reported peroneal tendon injuries occurred with the highest frequency (28%, 51 of 180 patients) in association with extra-articular injuries.[@ref38] Both authors emphasized the poor postoperative results of ligament reconstruction in the presence of associated injuries and the importance of preoperative screening for associated injuries. As posteromedial or medial pathologic lesions of the ankle may be missed during the inspection at anterolateral arthrotomy, we now routinely examine the ankle with arthroscopy at the time of open ligament reconstruction in recent years.

The present inside-out technique with transosseous suture fixation of the advanced CFL enabled the surgery to be performed with a limited incision of around 3 cm in length. It also has a rapid and short learning curve. The total tourniquet time, including wound closure, was 45 min (range 38--56 min), and this is a relatively lower surgical time than that of other procedures, such as 67 min (range 36--96 min) of total tourniquet time for the modified Broström procedure and 93 min (range 67--114 min) for the Chrisman--Snook procedure, as reported by Hennrikus *et al*.[@ref39]

There are some limitations of the current study. Further long term or controlled comparative studies are needed to predict long term success, especially for patients with generalized hypermobility. It is unclear, based on the current study, whether the strength and stiffness of the advanced CFL and at the ligament graft-bone tunnel junction will continue to develop over time. We do not know whether the ankle or subtalar arthrosis wound occurs over the long term with over tightening of the anterolateral capsule-ATFL complex or CFL in the procedure; however, patients did not exhibit restriction motion of the ankle or subtalar joint in our series. Future *in vitro* biomechanical studies with cadaveric specimens would be an interesting avenue of exploration.

The procedure reported herein is another modified, surgical option for the repair of chronic lateral ankle instability that has limited invasiveness. It provides satisfactory functional outcomes and mechanical stability, a shorter tourniquet time, and low morbidity, and retains the technical simplicity of the original Broström procedure.
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